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SUMMARY.
A new membrane-based device is described for the quantitative separation o f plasma from blood cells using neither centrifugation nor pipetting. The concentration of cholesterol in the isolated plasma was determined using a newly developed instrument, the Primetest. The results were in good agreement with those obtained in the hospital laboratory.
A tltliiiotiul key phrrrscs: plustntr i.solution; tnmrhrtmr scprraiion; choltstrrol Thc separation of plasma from whole blood is usually achieved by techniques based on centrifugation. Recently a new plasma separation technique has been developed using hydrophilic, microporous, asymmetric membranes.' This technique can be used with very small amounts of blood such as those obtained by finger puncture.
A synthetic membrane in common use for all kinds of separation processes is the asymmetric membrane, in which the average pore size at one surface is smaller than that at the other, with a pore size gradient across the membrane. In conventional membrane separation processes the fluid is in contact with the small pore size side to prevent plugging of the pores. However, it was found that very good separation could be obtained by applying whole blood to the large pore size side of an asymmetric membrane. The blood cells are retained and collected in the separation membrane while the plasma can permeate. This asymmetric separation membrane is in contact with a reaction membrane. The latter has a defined pore size and porosity, so that a very accurately determined amount of plasma can be collected for diagnostic analyses. The driving force for the separation process is determined by the hydrophilicity of membranes because plasma is sucked into the reaction membrane by capillary forces.
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MATERIALS AND METHODS

The membrane system
The membranes are prepared from a polymeric blend solution that contains two polymers, a hydrophobic polymer polyethersulphone and a hydrophilic polymer polyvinylpyrrolidone.? The resulting membranes can be considered as composite membranes with a hydrophobic skeleton coated by a hydrophilic layer. Consequently the membranes are strongly hydrophilic and biocompatible. Specific techniques allow very precise adjustment of the pore size and porosity of the membranes. The morphology of the membranes is shown in Fig. 1 . The electron micrographs show the strongly asymmetric character of the separation membrane ( Fig. l(a) ) and the well-defined pore size and porosity of the reaction membrane ( Fig. l(b) ), while in Fig. I (c) the narrow pore size distribution of the separation membrane is shown. The latter distribution was obtained using a Coulter Porometer 11.
The membrane plasma separation system, as used for cholesterol analyses, is illustrated in Fig.   2 . After applying the whole blood sample, it takes 60-90 s before separation of cells and plasma is complete. After this time the separation membrane is removed from the reaction membrane, so that the plasma collected in the reaction membrane (IOpL) can be used for further analyses.
Apparatus and reagents
Together with the membrane system an instru-
Statistical analysis
Snedecor's formula for paired observations was used to evaluate the analytical imprecision. Regression and correlation between two series of observations (Primetest versus hospital laboratory) was calculated according to Passing ment, thc Primetest, was developed by the firm Primecare BV (Hengelo, The Netherlands) for performing the single tests that are the most in demand in general practice. (This instrument also has the ability to combine data from measurement and clinical history, enabling the physician to assess the risk of premature clinical symptoms of, for example, coronary artery disease as well as the long term evolution of these risks together with an innovative method of blood pressure measurements.) The range of biochemical applications includes the colorimetric determination of plasma total cholesterol. The colorimeter of the Primetest operates a t a fixed wavelength of 555nm and incorporates a software controlled calibrating routine.
Specimens
Blood samples were collected in Vacutainer evacuated plasma separating tubes containing heparin as an anticoagulant (Becton Dickinson BV, Etten-Leur, The Netherlands). Prior to centrifugation, aliquots of the whole blood sample (1OOpL) were used for separation in the membrane device. Immediately thereafter the remainder was centrifuged (20 kN/kg, IOmin, 5°C) and the plasma obtained was left on the plasma separator gel layer at 4°C until analysis the same day.
Assays
In the hospital laboratory plasma cholesterol was assayed using a test kit reagent based on the method of Allain.' The reagent in the Primetest test kit is based on the enzymatic cholesterol oxidase phenollaminophenazone principle (Human, Taunusstein, FRG). These data indicate a 9% shift between batches of membrane plasma separators, but this difference is not significant. In both series no outliers were deleted. If the separation procedure is carried out in the correct manner no other deviations are likely.
RESULTS AND DISCUSSION
Comparison of methods, analytical variation
Analytical goals
Analytical goals are best derived from data based on biological variation. Analytical imprecision should be less than or equal to one-half of the within-subject biological variation. The results of biochemical tests are often used to monitor one individual. To interpret the serial results objectively it is necessary to know the change which must occur before significance can be claimed. This critical difference depends on both analytical (CV,) and within-subject variability (CV,) and at P < 0.05 is 2.77 x (CVL + CV:)"'.
As the within-subject biological variation for cholesterol is 6%, the CV, should be 3%, a realistic goal to achieve for the clinical chemistry laboratory.'~ "I The Primetest performed consistently with a CV, of z 5%, which is quite adequate for the intended use. The capillary is placed in the opening of the membrane holder; blood now moves into the separation membrane and due to the capillary action, the reaction membrane automatically absorbs the plasma.
The reaction membrane is removed
The separation membrane containing residual blood is thrown away.
The reaction membrane is placed into the cuvette after which the plasma diffuses into the reagent, The cuvette is then placed into the measuring comportment and, after a certain incubation time, the concentration will be displayed. 
